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Additional syntheses
For the synthesis of starting materials 5 and 6, 5'-O-silylated 3'-azido-3'-deoxythymidine S1 S1 ,S2 was treated with benzyloxymethyl chloride (BOMCl) to give the N-3-alkylated product S2 in quantitative yield (Scheme S1). Acidic desilylation of S2 then furnished 3'-azido congener 5 in 90% yield. In order to obtain 3'-N-Cbz-amino analogue 6, S1 was first reduced to amine S3 S1,S2 (not displayed), which was then Cbz-protected under non-aqueous conditions to afford S4 in 85% yield. Protection of the nucleobase using BOMCl gave S5 in 80% yield, and acidic desilylation finally led to 6 in 94% yield (Scheme S1). For the synthesis of phosphonate 7, saponification of the corresponding methyl ester S6 S3-S6 was followed by benzylation of the carboxylate under basic conditions (vide infra). Compounds S1 S1,S2 , S3 S1,S2 and S6 S3-S6 were prepared according to established procedures.
Scheme S1. Synthesis of starting materials 5 and 6.
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5'-O-TBDMS-3-N-BOM-3'-azido-3'-deoxythymidine S2
A solution of 5'-O-TBDMS-3'-azido-3'-deoxythymidine S1 S1,S2 (2.04 g, 5.35 mmol) in dry DMF (8 mL) was added to a suspension of NaH (231 mg, 60% dispersion in mineral oil, 9.63 mmol) in dry DMF (15 mL) at -10 °C. The suspension was stirred for 30 min at -3 °C to -5 °C, after which benzyl chloromethyl ether (1.00 mL, 1.01 g, 6.42 mmol) was slowly added.
The reaction mixture was stirred for 3 h at 0 °C. It was then diluted with EtOAc (100 mL), and water (30 mL) was slowly added to quench unreacted NaH. The organic layer was washed with sat. aq. NH 4 Cl (50 mL), sat. aq. NaHCO 3 (50 mL), water (2 x 50 mL) and brine (50 mL). It was then dried over Na 2 SO 4 , filtered and evaporated under reduced pressure. The resultant slurry was coevaporated with toluene (3 x 50 mL). The thus obtained crude product was purified by column chromatography (4:1 iso-hexanes-EtOAc) to give S2 as a colorless viscous oil (2.68 g, quant. (C-3'), 62.8 (C-5'), 70.6 (C-1''), 72.3 (C-2''), 84.5 (C-4'), 85.2 (C-1'), 110.3 (C-5), 127.6 (C-6''), 127.6 (C-4'', C-8''), 128.3 (C-5'', C-7''), 133.7 (C-6), 138.1 (C-3''), 150. 
5'-O-TBDMS-3-N-BOM-3'-N-Cbz-amino-3'-deoxythymidine S5
A solution of 5'-O-TBDMS-3'-N-Cbz-amino-3'-deoxythymidine S4 (6.94 g, 14.2 mmol) in dry DMF (22 mL) was added to a suspension of NaH (572 mg, 60% dispersion in mineral oil, 14.3 mmol) in dry DMF (23 mL) at -10 °C. The suspension was stirred for 30 min at -3 °C to -5 °C, after which benzyl chloromethyl ether (2.10 mL, 2.30 g, 14.3 mmol) was slowly added.
The reaction mixture was stirred for 3 h at 0 °C. It was then diluted with EtOAc (300 mL), and water (30 mL) was slowly added to quench unreacted NaH. The organic layer was washed with sat. aq. NH 4 Cl (50 mL), sat. aq. NaHCO 3 (150 mL), water (2 x 150 mL) and brine (150 mL). It was then dried over Na 2 SO 4 , filtered and evaporated under reduced pressure. The resultant slurry was coevaporated with toluene (3 x 50 mL). The thus obtained crude product was purified by column chromatography (7:3 iso-hexanes-EtOAc) to give S5 as a colorless viscous oil (6.94 g, 80%). TLC: R f = 0.27 (7:3 iso-hexanes-EtOAc (CH 3 ) 3 ), 38.1 (C-2'), 50.7 (C-3'), 62.8 (C-5'), 66.3 (C-1'''), 70.6 (C-1'''), 71.9 (C-2'''), 85.3 (C-1'), 85.5 (C-4'), 109.3 (C-5), 126.6, 126.8, 127.1, 127.3, 127.5, 127.7, 127.9, 128 .1 (aryl-C), 134.9 (C-6), 138.3 (Cbz-C=O), 150.9 (C-2), 163.8 (C-4) ppm. 
3-N-BOM-3'-azido-3'-deoxythymidine 5
To a precooled (0 °C) solution of 5'-O-TBDMS-3-N-BOM-3'-azido-3'-deoxythymidine S2 (2.60 g, 5.19 mmol) in dry MeOH (100 mL), acetyl chloride (202 mg, 183 µL, 2.59 mmol)
was added under stirring. The solution was brought to rt and then stirred for 1.5 h.
Subsequently, sat. aq. NaHCO 3 (5 mL) was added and the reaction mixture was stirred for further 15 min. The resultant suspension was diluted with EtOAc (150 mL) and washed with water (1 x 80 mL) and brine (1 x 80 mL). The organic layer was evaporated under reduced pressure. The resultant crude product was purified by column chromatography (3:2 iso-hexanes-EtOAc) to give 5 as a viscous colorless oil (1.81 g, 90% 37.5 (C-2'), 59.9 (C-3'), 61.9 (C-5'), 70.6 (C-1''), 72.3 (C-2''), 84.5 (C-4'), 86.8 (C-1'), 110.4
(C-5), 127.6 (C-6''), 127.7 (C-4'', C-8''), 128.3 (C-5'', C-7''), 135.3 (C-6), 137.9 (C-3''), 150.9 (C-2), 163. 
3-N-BOM-3'-N-Cbz-amino-3'-deoxythymidine 6
To a precooled (0 °C) solution of 5'-O-TBDMS-3-N-BOM-3'-N-Cbz-amino-3'-deoxythymidine S5 (6.94 g, 11.5 mmol) in dry MeOH (100 mL), acetyl chloride (180 mg, 164 μL, 2.23 mmol) was added under stirring. The solution was brought to rt and then stirred for 1.5 h.
Subsequently, sat. aq. NaHCO 3 (5 mL) was added and the reaction mixture was stirred for further 15 min. The resultant suspension was diluted with EtOAc (300 mL) and washed with water (1 x 100 mL) and brine (1 x 100 mL). 
N-Boc-2-(dimethylphosphoryl)-glycine benzyl ester 7
A solution of methyl ester S6 S3-S6 (1.77 g, 5.96 mmol) in dioxane (1.35 mL) was cooled to 15 °C and 2 M aq. NaOH (2.98 mL, 5.96 mmol) was added. The reaction mixture was stirred for 30 min at 15 °C. It was then cooled to 0 °C, and precooled (0 °C) 5 M aq. HCl was added until the pH was adjusted to 2. The resultant solution was diluted with water (11 mL) and EtOAc (20 mL). The aqueous layer was extracted with EtOAc (5 x 10 mL). The combined organics were dried over Na 2 SO 4 , filtered and evaporated. The resultant residue was kept under high vacuum for several hours to remove remaining volatiles and give a colorless solid.
The thus obtained intermediate carboxylic acid (1.53 g, 5.41 mmol) was coevaporated with dry MeCN (3 x 3 mL) and then dissolved in MeCN (3 mL). DBU (823 mg, 807 μL, 5.41 mmol) was added and the solution was stirred for 5 min at rt. Subsequently, benzyl S9 bromide (971 mg, 671 μL, 5.68 mmol) was added and the reaction mixture was stirred for 2 h.
It was then diluted with brine (20 mL) and extracted with EtOAc (3 x 10 mL). The combined organics were washed with 1 M aq. HCl, dried over Na 2 SO 4 , filtered and evaporated. The = 1747, 1709, 1494, 1303, 1250, 1156, 1022 Table S1 and Figure S1 . High-resolution mass spectrometry (HRMS) using a quadrupole linear ion trap Orbitrap mass spectrometer connected to an Accela HPLC system equipped with a Hypersyl GOLD column (50 mm x 1 mm, particle size 1.9 µm, Thermo Scientific) was also carried out ( Figure S1 ). Oligonucleotide analogues were photometrically quantified using a NanoDrop 2000c (Thermo Scientific). The UV absorbance measurement was accomplished in water and a molar extinction coefficient at  = 260 nm ( 260 ) according to the computing program of the enterprise Proligo (nearest-neighbour-method) S7 was calculated treating the building block as thymidine monomers. Table S1 . Mass spectral data of synthesized oligonucleotide analogues; sequences from 5'-to 3'-end (corresponds to direction from C-to N-terminus, C-terminal amide (NH 2 ), N-terminal acetylation (Ac)), S = (6'S)-configured building block, R = (6'R)-configured building block; 
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Additional CD spectrum Figure S5 . CD spectrum of native single-stranded DNA oligonucleotide G 6 TTG 6 .
